
Abstract. Background: Solar ultraviolet-B (UVB) and
vitamin D have been found inversely correlated with cancer
incidence, mortality, and survival rates in many studies.
Materials and Methods: In this work, two sets of cancer data
were used: age-adjusted cancer incidence and mortality rates
in 2002 for 21 Western developed countries and cancer survival
data from Eurocare-3 for nine European countries for cancer
diagnosed from 1990 to 1994. The data were used in ecologic
studies with respect to latitude, an index of solar UVB
irradiance, and dietary supply factors for 1985. Results:
Statistically significant correlations of effective or actual
survival rates with increasing latitude were found for breast,
colon, gastric, lung, ovarian, pancreatic, prostate and renal
cancer, and non-Hodgkin’s lymphoma. Five-year survival rates
south of 50ÆN were 20%–50% higher than those near 55ÆN.
Conclusion: These results provide additional support for an
increase in cancer survival rates linked with natural vitamin D.

Although smoking, alcohol consumption and dietary factors
play a major role in the etiology of cancer (1, 2), there is
increasing evidence that solar utraviolet-B (UVB)
irradiance and vitamin D reduce the risk of cancer incidence
or mortality (3-5). There is also mounting evidence that
vitamin D increases the survival rate once cancer has been
diagnosed. Studies in Norway found that the survival rates
for breast, colon and prostate cancer and Hodgkin’s
lymphoma were 10%–30% higher if the diagnosis had been
made in summer or fall rather than in winter or spring (6-8).
A report from the Health Professionals Follow-up Study
found that a vitamin D index was more strongly correlated
with cancer mortality rates than incidence rates (9). A study
in Boston found that 5-year survival from non–small cell

lung cancer was twice as great after summer operation and
high vitamin D intake compared to operation in winter and
low vitamin D intake (10). A study suggested that the
survival rates for black Americans diagnosed with cancer are
lower than those for white Americans, in part because of
lower vitamin D from solar UVB irradiance (11). These
findings could have considerable public health implications
since vitamin D is easily obtained through a combination of
natural and artificial UVB irradiance, vitamin D-fortified
food, fatty coldwater fish and supplements. 

In this work, cancer incidence and mortality rates and
their ratio for Western developed countries in 2002 were
used in an ecological analysis with respect to latitude, an
index for solar UVB irradiance and dietary supply factors.
Data on survival rates for nine European countries for
cancer diagnosed between 1990 and 1994 were used in an
ecologic study with respect to latitude. 

Materials and Methods

The ecologic approach is used to determine links between various
risk-modifying factors and cancer mortality rates. The strengths
and limitations of the ecologic approach have been previously
reviewed (12, 13). The main strength of the ecologic approach is
the ease of conducting the studies; the main weakness is that
apparent associations may be due to unmodeled factors. Thus,
ecologic studies should be followed by other studies. Generally,
associations are examined between suspected risk or protective
factors and disease outcomes. Once associations are found, further
analyses are conducted to determine whether the associations
satisfy standard criteria for causality (14, 15).

The ecologic approach has been used in many studies linking
UVB to cancer risk reduction. It was used to make the first links
between solar UVB irradiance and cancer risk reduction for colon
(16, 17), breast (18-21), ovarian (22) and prostate (23) cancer. It has
also been used to extend the number of vitamin D-sensitive cancers
to 18 based on data in the Atlas of Cancer Mortality Rates (24, 3, 5,
25, 26) and European data (27). Whereas the first study in this set
used only solar UVB irradiance for July (28) with data from the
Atlas of Cancer Mortality Rates (24), the later studies included
alcohol consumption, Hispanic heritage, poverty, smoking and urban
residence. Dietary factors were not included since they did not vary
widely during the periods studied (29). Prostate cancer was found to
be associated with July UVB irradiance and with latitude, an index

2605

Correspondence to: William B. Grant, Sunlight, Nutrition and
Health Research Center (SUNARC), 2107 Van Ness Avenue, Suite
403B, San Francisco, CA 94109-2529, U.S.A. Tel: 1-415-776-5274,
Fax: 1-415-776-5270, e-mail: wgrant@sunarc.org / www.sunarc.org

Key Words: Alcohol, animal products, insulin-like growth factor-I
(IGF-I), sugar, vegetables.

ANTICANCER RESEARCH 26: 2605-2614 (2006)

The Likely Role of Vitamin D from Solar Ultraviolet-B 
Irradiance in Increasing Cancer Survival 

WILLIAM B. GRANT

Sunlight, Nutrition and Health Research Center (SUNARC), San Francisco, CA 94109-2529, U.S.A.

0250-7005/2006 $2.00+.40



for wintertime serum 25-hydroxyvitamin D (25(OH)D) (30),
supporting an earlier study on serum 25(OH)D and the subsequent
development of prostate cancer in Nordic countries (31).

Cancer data. One set of data on cancer incidence and mortality
rates was obtained from GLOBOCAN 2002 (32). The 21 countries
used in this study were as follows: Australia, Austria, Belgium,
Canada, Denmark, Finland, France, Germany, Greece, Iceland,
Ireland, Italy, The Netherlands, New Zealand, Norway, Portugal,
Spain, Sweden, Switzerland, United Kingdom and the United
States. These countries were chosen since they have western
European ethnic heritage, similar skin pigmentation, similar diets,
and good health care systems. The ratio of mortality to incidence is
used here as a proxy for survival rate. The data used are shown
plotted against latitude in Figures 1-4. The ratio of mortality to
incidence was multiplied by a factor of 100 for display purposes.
Second-order fits to the data are provided as guides to the eye.

A second set of cancer survival data was obtained from a
EUROCARE-3 report (33). The data were based on the survival of
adult cancer patients diagnosed from 1990 to 1994 in European
countries. Coverage ranged from 8% in Austria to 100% in several
countries. European age-standardized relative 1- and 5-year survival
rates (34) were given separately for men and women. The countries
included were Austria (48ÆN), Denmark (55.5ÆN), England (52ÆN),
France (48ÆN), Germany (51Æ N), Italy (42ÆN), The Netherlands
(52.5ÆN), Spain (40ÆN), and Switzerland (47ÆN), where the
latitudes indicated are near the population centers. There were
579,000 males and 550,000 females included in the data for these
countries. The uncertainty of the survival estimates for some of the
minor cancers for countries with low coverage was about 5%–10%.

The countries excluded from the EUROCARE-3 data set in this
analysis were: (i) East European countries since medical care in those
countries was different from that in western Europe; (ii) small
countries since the number of cases was generally small in these
countries; (iii) Nordic countries, because they must obtain vitamin D
from sources other than the sun (35); and (iv) Portugal, since the 5-

year survival rates appeared to be lower than could be explained on
the basis of latitude, generally being 70%–90% of those of
neighboring Spain.

Dietary supply data. Dietary supply data were obtained from the
Food and Agriculture Organization (36). There is generally a 15- to
20-year lag between dietary factors and cancer diagnosis or death
(37, 38). Thus, data for 1984–1986 were used in this study. The
most important dietary risk factor for many types of cancer appears
to be the fraction of energy derived from animal products (2, 38-
41), whereas vegetable products such as fruits, vegetables and
whole grains are generally risk reduction factors (2, 42, 43);
however, some animal products, such as fish and milk, have
sometimes been associated with reduced cancer risk (39, 44, 45).
The probable mechanisms for risk associated with animal products
include production of insulin-like growth factor-I (IGF-I) (46) and
endogenous estrogen (47, 48). However, hormone replacement
therapy has been associated with reduced risk of colon cancer (49).
There may be other mechanisms related to the diet that explain the
link to colon cancer (50). Other factors, such as alcohol, animal fat,
cereals, fruit, milk and sugar, were also considered in the analyses.

Vitamin D can be obtained from solar and artificial UVB
irradiance, diet and supplements. In European countries, diet and
supplements provide a small proportion of the vitamin D except for
the Nordic countries. In winter, serum 25(OH)D levels actually
increased with increasing latitude (51). Several factors are involved
in the photoproduction of vitamin D, including seasonal variation
of solar UVB irradiance, latitude, skin pigmentation (35), time
spent outdoors and urban/rural residence. In this work, latitude was
used as the index of variation of serum 25(OH)D, in part because
solar UVB seems to be a very important source of vitamin D, and in
part because summertime UVB has been found associated with
increased survival rates after the diagnosis of breast, colon and
prostate cancer (6-10). It should be noted that solar UVB irradiance
is also a function of surface elevation and stratospheric ozone levels,
both of which contribute to a noticeable asymmetry in the United
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Figure 1. Incidence (dots) and mortality (circles) rates and the ratio of
mortality to incidence rates times 100 (triangles) for non-Hodgkin’s
lymphoma (NHL), males, for Western developed countries (32) vs. latitude.

Figure 2. Same as for Figure 1, but for ovarian cancer.



States (28). However, for this study, latitude appeared to suffice, as
most of the countries considered have populations mainly living at
low elevations (except Austria and Switzerland).

Temperature. Ambient temperature may play a role in cancer risk,
perhaps by affecting the amount and time of day that people spend
outdoors, as well as the amount of clothing they wear. For this
study, data for the average maximum temperature for July were
obtained from the World Weather Information Service
(http://www.worldweather.org, accessed September 16, 2005).

Statistical analysis. The data were used in linear-regression analyses
employing SPSS Version 13.0 (52). The 17 non-Nordic countries
were sometimes considered separately since much of the vitamin
D in those countries comes from diet and supplements (35).
Linear-regression analyses were performed on rates for incidence,
mortality, and mortality divided by incidence. 

The factors used in this ecologic study were more or less
correlated with each other. The cross-correlation coefficients for
the factors found to be most useful are presented in Table I for the
17 Western developed countries.

Results

The regression results for several cancers based on
incidence and mortality data are given in Table II and
Figures 1-2. It can be seen that, in some cases, diet had a
stronger correlation than latitude and vice versa . Among the
cancers investigated, five were found to have interesting
latitudinal variations of incidence and/or mortality rates that
could not be explained solely on the basis of dietary factors,
namely breast, lung, ovarian and renal cancer and non-
Hodgkin’s lymphoma (NHL). 

The regression results for the quadric fit to latitude for
the EUROCARE-3 data are given in Table III and Figures
3-4. Statistically significant results were found for all: breast,
colon, gastric, lung, pancreatic, prostate, and renal cancer.
Most of the other cancers tabulated in (33) were examined
for a statistically significant correlation with latitude with
negative results.
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Figure 3. Pancreatic cancer survival rates, males, for the period 1990-1994
(33) vs. latitude. West European countries between 40Æ and 56Æ N are
indicated by dots, while Nordic countries are indicated by circles.

Figure 4. Same as for Figure 3, but for lung cancer, in females.

Table I. Cross-correlation coefficients for the factors used in this study for the 17 Western developed countries.

Factor AE/TE 85 Fruit 85 Latitude Lat*Lat Sugar 85 Tmax
(adjusted r2, p) (adjusted r2, p) (adjusted r2, p) (adjusted r2, p) (adjusted r2, p) (adjusted r2, p)

Alcohol 93 –0.06, 0.83 (–)0.15, 0.07 0.13, 0.09 0.13, 0.09 0.02, 0.26 (–)0.15, 0.07
AE/TE 85 0.17, 0.06 0.19, 0.05 0.34, 0.008 (–)0.46, *
Fruit 85 (–)0.07, 0.16 (–)0.09, 0.13 –0.06, 0.79 0.29, 0.02
Latitude 1.00, * –0.06, 0.78 (–)0.56, *
Lat*Lat –0.06, 0.73 (–)0.59, *
Sugar 85 (–)0.05, 0.19

*p<0.001; AE = energy derived from animal products; TE = total energy; Lat = latitude; Lat*Lat = latitude times latitude;  Tmax = maximum
temperature for July; 85 = 1985; 93 = 1993; – = very poor correlation; (–) = inverse correlation.
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Table II. Regression results for year 2002 cancer incidence, mortality and mortality divided by incidence rates for 17 Western developed countries. Dietary
data are for 1985 unless otherwise noted. The normalized regression coefficient is ‚ and the significance is p. R is the correlation coefficient, and the F
statistic is a measure of the contribution of the independent variables in predicting the dependent variable.

Cancer, gender First term Second term Third term Adjusted R2, 
(‚, p) (‚, p) (‚, p) F, p

All except lung, M, Inc –0.80, 0.001 –0.61, 0.006 0.54, 10, 0.002
Vegetables Latitude

All except lung, M, Mor. –0.74, 0.001 –0.63, 0.003 0.58, 12, 0.001
Tmax Sugar

All except lung, M, Mor/Inc –0.95, 0.001 0.78, 0.007 –0.50, 0.01 0.73, 15, *
Tmax Vegetables Sugar

Breast, F, Inc 0.67, 0.003 0.41, 12, 0.003
AE/TE

Breast, F, Mor –0.59, 0.008, 0.36, 0.08 0.78, 29, *
Tmax Lat*Lat

Breast, F, Mor/Inc 0.66, 0.02 –0.39, 0.14 0.25, 3.6, 0.05
Lat*Lat AE/TE

Breast, F, Mor/Inc (Port out) 0.56, 0.03 0.26, 6.3, 0.03
Lat*Lat

Colorectal, M, Inc –0.63, 0.05 –0.67, 0.09 0.47, 0.09 0.46, 5.6, 0.01
Lat*Lat Tmax AE/TE

Colorectal, M, Inc –0.82, 0.03 –0.55, 0.10 0.36, 0.10 0.46, 5.5, 0.01
Tmax Lat*Lat Sugar

Colorectal, M, Mor –0.73, 0.001 0.50, 17, 0.001
Tmax

Colorectal, M, Mor/Inc –0.70, 0.002 5.94, 0.03 –5.57, 0.04 0.52, 7.0, 0.005
Sugar Lat*Lat Latitude

Colorectal, F, Inc 0.50, 0.03 0.37, 0.01 0.57, 11, 0.001
Sugar AE/TE

Colorectal, F, Mor 0.60, 0.02 0.17, 0.46 0.41, 6.5, 0.01
AE/TE Lat*Lat

Colorectal, F, Mor/Inc 0.50, 0.02 –0.43, 0.04 0.50, 8.9, 0.003
Alcohol 93 Sugar

Esophageal, M, Inc –0.71, 0.001 0.48, 15, 0.001
Fruit

Esophageal, M, Mor –0.82, * 0.65, 31, *
Fruit

Esophageal, M, Mor/Inc 7.52, 0.01 –7.06, 0.02 0.41, 6.6, 0.01
Lat*Lat Latitude

Esophageal, M, Mor/Inc 7.92, 0.009 –7.34, 0.01 –0.30, 0.17 0.46, 5.5, 0.01
Lat*Lat Latitude Alcohol 93

Esophageal, F, Inc –0.75, 0.001 0.53, 19, 0.001
Tmax

Esophageal, F, Mor –0.75, 0.001 0.53, 19, 0.001
Tmax

Esophageal, F, Mor/Inc –0.81, 0.02 –0.72, 0.03 0.26, 3.9, 0.05
Tmax AE/TE

Lung, M, Mor/Inc, 5.66, 0.05 –5.07, 0.07 0.44, 7.2, 0.007
Lat*Lat Latitude

NHL, M, Inc 0.58, 0.04 –0.45, 0.10 0.19, 2.8, 0.09
AE/TE Lat*Lat

NHL, M, Mor 0.67, 0.02 –0.23, 0.36 0.25, 3.7, 0.05
AE/TE Lat*Lat

NHL, M, Mor/Inc 6.89, 0.02 –6.36, 0.03 0.43, 7.0, 0.008
Lat*Lat Latitude

NHL, M, Mor/Inc 8.62, 0.001 –8.02, 0.002 (NZ omitted) 0.65, 15, *
Lat*Lat Latitude

NHL, F, Mor 0.70, 0.009 –0.29, 0.24 0.31, 4.5, 0.03
AE/TE Latitude

NHL, F, Mor/Inc 7.92, 0.005 –7.33, 0.008 (NZ omitted) 0.59, 12, 0.001
Lat*Lat Latitude

continued



Discussion

Incidence and mortality data
Ovarian cancer. Latitude plays the most important role in
incidence, mortality and apparent survival rates for
ovarian cancer. Diet, expressed as the fraction of energy
derived from animal products, played only a minor role.
Ovarian cancer was one of the first cancers for which an
inverse correlation was found between mortality rates and
solar UVB irradiance (23), confirmed by later studies (4,
5). What is interesting is that the survival rate increased
with latitude between 45 and 56Æ and then decreased
above 58Æ. 

Renal cancer. For renal cancer, dietary factors were found
more important than latitude for incidence and mortality,
and, in fact, there was little latitudinal variation. However,
for survival, latitude was the only significant factor. The
latitudinal variation in survival was similar to that for
ovarian cancer. Other studies have found vitamin D to be
associated with renal cancer risk (4, 53). It should be noted
that the kidneys play an important role in converting
25(OH)D to 1,25-dihydroxyvitamin D (1,25(OH)D) (54). 

Breast cancer. Diet had the strongest association with breast
cancer incidence, whereas latitude had the strongest
correlation with mortality and survival rates. Breast cancer
mortality rates have often been found to be inversely
correlated with solar UVB irradiance (4, 5, 11, 19, 20, 22).
Diet has often been found to be an important risk factor
for breast cancer (39, 55, 56). In a previous ecologic study,
the fraction of energy derived from animal products was
found to be the strongest risk factor, with alcohol a
significant risk factor and fish a significant risk reduction
factor, while latitude was weakly correlated with risk (38).

Esophageal cancer. It is not clear why the esophageal cancer
incidence and mortality rates and apparent survival rates for
females were inversely correlated with the maximum
temperature in July. It could be due to other confounding
factors. Dietary vitamin D was found to be inversely
correlated with esophageal cancer risk (56), while fruit was
found to be protective against esophageal cancer (57, 58),
in agreement with the results in Table II.

Lung cancer. The regression results for male lung cancer
survival were consistent with a beneficial effect. It is
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Table II. continued.

Cancer, gender First term Second term Third term Adjusted R2, 
(‚, p) (‚, p) (‚, p) F, p

NHL, F, Mor/Inc 3.45, 0.26 –2.73 0.48, 8.0, 0.005
Lat*Lat Latitude

Ovarian, Inc 0.66, * 0.38, 0.01 0.79, 31, *
Lat*Lat AE/TE

Ovarian, Mor 0.69, * 0.34, 0.03 0.78, 30, *
Lat*Lat AE/TE

Ovarian, Mor 3.8, 0.03 0.28, 0.04 –3.1, 0.06 0.82, 26, *
Lat*Lat AE/TE Latitude

Ovarian, Mor/Inc 7.04, 0.01 –6.46, 0.02 0.51, 9.3, 0.003
Lat*Lat Latitude

Pancreatic, M, Mor 0.56, 0.02 0.26, 6.8, 0.02
Latitude

Pancreatic, M, Mor/Inc 0.61, 0.009 0.33, 8.9, 0.009
Latitude

Renal, M, Inc 0.84, 0.01 0.62, 0.06 0.27, 3.9, 0.05
AE/TE Tmax

Renal, M, Mor 0.48, 0.04 0.37, 0.10 0.48, 8.3, 0.004
AE/TE Lat*Lat

Renal, M, Mor/Inc 0.76, * 0.54, 20, *
Latitude

Renal, F, Inc 0.76, 0.005 –0.28, 0.23 0.37, 5.8, 0.02
AE/TE Lat*Lat

Renal, F, Mor 0.47, 0.05 0.35, 0.13 0.44, 7.2, 0.007
AE/TE Lat*Lat

Renal, F, Mor/Inc 0.77, * 0.57, 22, *
Lat*Lat

*p<0.001; Inc = incidence; Mor = mortality; NHL: non-Hodgkin’s lymphoma. Port out = Portugal omitted from the analysis; Lat*Lat = latitude
times latitude.



puzzling that the survival rate was greater than unity for
three of the Nordic countries. Reductions in smoking rates
during the past two decades might have been greater in the
Nordic countries than in the other countries. This
hypothesis is supported by looking at the correlation
between the ratio of per capita cigarette smoking averaged
for 1990 and 2000 versus that for 1980 (59). There was a
strong correlation when the Nordic countries were included
but not when they were excluded. However, it is noted that
when the Nordic countries were excluded from the analysis,
there was still a strong correlation between survival and
decreasing latitude. Vitamin D from solar UVB irradiance
and oral intake were found to be strongly correlated with 
5-year survival from non-small cell lung cancer in a case-
control study in Boston (10). 

Non-Hodgkin’s lymphoma. For NHL, only latitude was found
significantly associated with risk. Solar UVB has been found
inversely correlated with risk (3, 60-62). However, latitude
has also been found inversely correlated with the risk of

developing NHL in Sweden (63), although solar UV
irradiance was not necessarily implicated. Another study in
Sweden found a 30% (95% confidence interval = 0.9 to 1.9)
increased risk of NHL for a high solar-exposure group (64).
Although survival from Hodgkin’s lymphoma was found to
be increased for diagnosis in the fall in Norway, attributed
to increased vitamin D production in the summer (8), no
seasonal variation of survival was found for NHL (Porojnicu,
private communication). A review of the literature on the
risk of skin cancer (melanoma and basal cell carcinoma)
development among those with NHL concluded that there
was a significant risk (65). It is noted that UVA (wavelength
= 315–400 nm) appeared more strongly correlated with
melanoma (66) and basal cell carcinoma (67) than UVB.
Immune suppression is thought to play an important role in
the etiology of NHL (68, 69). Thus, there is reason to
suspect that UVA, through immunosuppression (70), plays
a role in the etiology of NHL.

It was noted that the latitudinal variation of NHL survival
rates continued to increase in the Nordic countries, in
contrast to the results for the other three cancers. This
provides further support for the UVA/immunosuppression
hypothesis since the ratio of UVA to UVB irradiance
increases with increasing latitude (71). 

Other cancers. The regression results for colorectal cancer
found that dietary factors were much more important than
latitude. Diet has been found to play an important role in
the etiology of colon cancer (72).

EUROCARE-3 data. The results for 1- and 5-year survival
rates using EUROCARE-3 data also provided support for
the hypothesis that solar UVB, through production of
vitamin D, improves the survival rate once the cancer has
reaches the stage where it is discovered. In most of the
results tabulated in Table III, the highest survival rates
were found in Austria, France and Switzerland, countries
situated between 42ÆN and 51ÆN. The French generally
go on vacation in August, and both Austria and
Switzerland have many high mountains. Italians and
Spaniards have slightly darker skin than Europeans to the
north (35) and so would produce less vitamin D from the
same amount of UVB. Denmark and England have the
lowest cancer survival rates, with 5-year survival for all
cancers of 36% for males and 48% for females versus
45%–55% for males and 58% for females in Austria,
France and Switzerland. The level of medical care in the
various countries may contribute to the results, but the
fact that statistically significant correlations with a
quadratic function of latitude were found only for cancers
shown to be vitamin D sensitive in other studies (4, 10, 25,
26) suggests that the effect of health care is smaller than
the UVB–vitamin D effect. 
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Table III. Regression results for 1- and 5-year survival rates vs. second
order function of latitude for nine West European countries with
population centers between 40Æ and 56Æ N.

Cancer, gender, Lat*Lat Latitude AE/ Adjusted
Survival rate (‚, p) (‚, p) TE 85 r2, F, p

All, M, 1 yr –14.9, 0.03 14.6, 0.04 0.45, 4.2, 0.07
All, M, 1 yr –13.8, 0.02 13.0, 0.03 0.67, 0.07 0.67, 6.5, 0.04
All, M, 5 yr –13.2, 0.06 12.9, 0.07 0.36, 3.2, 0.11
All, F, 1 yr –13.6, 0.04 13.2, 0.04 0.51, 5.1, 0.05
All, F, 1 yr –12.7, 0.04 11.9, 0.04 0.55, 0.14 0.63, 5.6, 0.05
All, F, 5 yr –12.5, 0.04 12.0, 0.04 0.58, 6.4, 0.03
All, F, 5 yr –11.7, 0.03 10.7, 0.05 0.52, 0.13 0.69, 7.0, 0.03
Breast, 5 yr –0.62, 0.07 0.30, 4.4, 0.07
Colon, M, 1 yr –14.1, 0.02 13.6, 0.02 0.63, 7.9, 0.02
Colon, M, 5 yr –11.9, 0.02 11.2, 0.03 0.73, 12, 0.009
Colon, M, 5 yr –11.2, 0.02 10.3, 0.03 0.37, 0.18 0.78, 10, 0.01
Colon, F, 5 yr –12.6, 0.05 12.1, 0.05 0.52, 5.4, 0.05
Colon, F, 5 yr –11.7, 0.05 10.8, 0.06 0.52, 0.16 0.63, 5.6, 0.05
Gastric, M, 1 yr –12.1, 0.03 11.5, 0.04 0.65, 8.5, 0.02
Gastric, M, 5 yr –8.3, 0.08 7.5, 0.11 0.70, 10.5, 0.01
Gastric, F, 1 yr –12.4, 0.02 11.7, 0.02 0.72, 11, 0.01
Gastric, F, 5 yr –11.3, 0.04 10.7, 0.05 0.64, 8.2, 0.02
Lung, M, 1 yr –13.6, 0.04 13.2, 0.05 0.48, 4.7, 0.06
Lung, F, 1 yr –13.8, 0.02 13.3, 0.03 0.61, 7.2, 0.03
Lung, F, 5 yr –14.8, 0.01 14.3, 0.01 0.68, 9.3, 0.01
Pancreatic, M, 1 yr –14.9, 0.01 14.4, 0.01 0.67, 9.2, 0.02
Pancreatic, F, 1 yr –12.5, 0.05 12.0, 0.06 0.49, 4.8, 0.06
Prostate, 1 yr –16.0, 0.02 15.8, 0.02 0.52, 5.3, 0.05
Prostate, 5 yr –15.6, 0.01 15.2, 0.01 0.64, 8.0, 0.02
Renal, M, 5 yr –13.1, 0.04 12.6, 0.04 0.56, 6.0, 0.04
Renal, F, 5 yr –11.2, 0.07 10.7, 0.08 0.50, 5.0, 0.05

Graphs of cancer incidence, mortality and mortality divided by
incidence rate using data for 2002.



The results for the datasets are similar but with some
differences. In both cases, there was little variation for
latitudes less than 50Æ, then a decrease in apparent or actual
survival rates between 50Æ and 56Æ, followed by survival rates
for the Nordic countries near those/that for countries between
40Æ and 52Æ. Some cancers were found to be vitamin D-
sensitive by both approaches, whereas for others, only one
approach gave that indication. Although different countries
were studied, using mortality divided by incidence data for the
nine countries only did not greatly change the results
compared to if all 17 countries had been used. The results
using actual survival data are very likely more reliable than
those using the ratio of mortality to incidence. However, use
of the ratio allows more countries to be included in the
analysis, thus enabling a wider range of latitude and other
factors to be employed.

Molecular mechanisms. The key processes whereby vitamin D
plays an important role in the reduction of cancer incidence
and death is the conversion of 25(OH)D to 1,25(OH)2D in
the organs that can benefit from the hormonal version of
vitamin D followed by attachment to vitamin D receptors
(VDRs). This conversion step was first demonstrated in colon
cancer cells by Cross et al. (73) and extended to many organs
by Zehnder et al. (74). It was also shown in further laboratory
studies that more 1,25(OH)2D was produced as tumors
progress (75-78). The role of VDRs has been explored in
several studies (79). The mechanisms whereby vitamin D
reduces the risk of cancer include increasing cell
differentiation and apoptosis, reducing angiogenesis around
tumors and reducing metastasis (80, 81). 

Dietary factors. Dietary and lifestyle factors such as smoking
seem to be more important in cancer etiology prior to
discovery, with vitamin D playing a more important role
relative to dietary and lifestyle factors after cancer reaches
the stage where it can be detected. This supposition is in
agreement with the recent report that a vitamin D index
correlated better with mortality rates than incidence rates
in the Health Professionals Follow-Up Study cohort (9).

Although several studies have not found an inverse
correlation between dietary vitamin D and colorectal cancer
or adenomas, which has been attributed to values
insufficient to have a significant impact (5), unmodeled
factors, such as dietary factors and alcohol consumption,
might have masked the vitamin D effect at low vitamin D
intake levels. 

Alternative possibilities for the latitudinal variation in cancer
rates. It was assumed, in this work, that latitude is an index of
vitamin D variation from solar UVB irradiance. However,
there are other factors that vary with latitude including genetic
factors such as skin pigmentation (35), which would affect the

vitamin D production rate, and apolipoprotein E (APOE)
epsilon 4 allele frequency in the population. The prevalence
of the APOE epsilon 4 allele, which increases the production
of fat from food, increases with latitude in Europe (82). 

Another possibility is that screening for some cancers,
such as breast, colorectal and prostate, could be higher in
some countries, and this would lead to a latitudinal gradient
in cancer incidence, mortality and survival. However, there
are reports that screening is not very effective in reducing
cancer mortality rates, although screening does increase
incidence rates. Fecal occult blood testing and colonoscopy
seem to be cost-effective ways of reducing colon cancer (83).
However, meta-analyses of the benefits of mammography in
reducing the mortality rates for breast cancer indicated that
the benefits are minimal at best (84, 85). The results for
prostate-specific antigen (PSA) were also inconclusive (86).
An ecologic study in the United States suggested a reduced
mortality rate for prostate cancer associated with PSA
screening (87). When July UVB, measured using the Total
Ozone Mapping Spectrometer (TOMS) (28) and latitude, an
index for wintertime serum 25(OH)D, were included in the
model with incidence and mortality rate data, the correlation
with PSA testing was insignificant (Grant, unpublished). 

Regardless of the effectiveness of screening in reducing
cancer mortality rates, further information would be
required on screening rates and practices in the various
countries to determine whether they are used at different
rates that vary with latitude. Also, since there is no
screening for gastric, ovarian, pancreatic and renal cancer
and NHL, and since they show strong latitudinal survival
gradients, it is unlikely that screening explains the results for
colorectal or prostate cancer in the datasets used here.
However, different screening practices may explain the low
latitudinal variation in breast cancer survival.

Conclusion

There are several conclusions that can be drawn from this
study. One is that vitamin D seems to play a more important
role in fighting cancer once it has developed to the point of
detection rather than in preventing it from starting. Cancer
is generally considered to go through three phases:
initiation, progression and metastasis. Since initiation is due
to risk factors, vitamin D may not be involved in this phase
other than to inhibit initiation. Although vitamin D has
mechanisms that play a role in all phases, there may be
fewer other natural factors fighting cancer as it progresses
and metastasizes, so the relative impact may be higher.

A second conclusion is that 25(OH)D levels should be
measured for most people diagnosed with cancer (18 types
have been identified as vitamin D-sensitive (4,26,27)) and, if
low, these people should receive vitamin D supplements.
Organs that can use 1,25(OH)2D in fighting cancer can
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convert 25(OH)D to 1,25(OH)2D (73, 74). Daily oral intakes
of 2000 IU (50 Ìg) are considered safe, and intakes up to
4000 IU/day are probably safe (88). Although there is an
interest in the development of analogs of 1,25(OH)2D for
the treatment of cancer since they would have the benefits
of natural 1,25(OH)2D without the adverse hypercalcemic
effects (89, 90), it seems that first priority should be given to
exploring the potential of natural vitamin D to treat cancer.

A third conclusion is that the higher levels of dietary and
supplemental vitamin D found in the Nordic countries
apparently do have an important impact on cancer mortality
rates. Those in Northern Europe have lower fractions of elderly
with low serum 25(OH)D levels in winter (51, 91, 92). It seems
especially important to institute vitamin D fortification
programs in the rest of Europe where vitamin D levels are low
(51). Thus, efforts to increase vitamin D fortification, such as
adding vitamin D to bread (93, 94), are encouraged. 

It is noted that the health benefits of increased vitamin D
extend far beyond cancer to other diseases and conditions
such as bone health (95), muscle health (96), reduced risk of
multiple sclerosis (97) and blood pressure (98). There are
several reviews on the health benefits of vitamin D (99-106). 

It is hoped that interest in the role of vitamin D in
reducing the risk of cancer incidence and mortality will
continue to increase and that clinical studies designed to
determine dose-response relations will be conducted.
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